The brightness of discharge lamps is controlled by varying the frequency of the resonant converter for high efficiency operation. In this paper we introduce a resonant converter with a magnetic energy recovery switch along with power factor correction. The PFC converter generates DC voltage controlled by fuzzy controller as a feedback system connected to discharge lamp through high frequency resonant converter. The complete analysis with different frequencies and graphical representations of output voltage and current of the lamp are presented using MATLAB software with dynamic operating states.
INTRODUCTION
Most of the lamp applications in commercial or industrial usage need brightness control with respect to the demand by the user. In conventional controller a resistive type control is adopted for the brightness control which has high conduction loses. With high power consumption of the lamp the power loss during the control of brightness is also high. It is very vital to save the energy consumed by the lamp and increase the efficiency. Due to the plasma characteristics of the discharge lamps it is very difficult to control the brightness. By controlling the voltage amplitude using variable resistor in series works for filament lamps but the same may not be suitable for discharge lamps [1] . Several research papers are released with emphasis on brightness control of discharge lamps and efficiency with drawbacks of complicated designs and uneconomical costs of the circuit topologies. The high frequency operation of the converter leads to acoustic resonance problems reducing the reliability of the converter and also the lamp. To avoid this issue of acoustic resonance magnetic ballast has to be introduced in place of electronic ballast [1] .
The replacement of electronic ballast with magnetic ballast may increase complications during the construction of the circuit topology. There are many traditional methods for ballast applications [2] in which the most common method [2] is changeable ballast inductance method with different possible ballasts on the lamp.
The ballast control can only be done by step process as the resolution of inductance values may not be high.
The brightness of the lamp cannot be adjusted precisely to a specific value, to overcome this issue larger values of inductances need to be taken which increases the size, weight and cost of the ballast circuit topology [2] .
Discharge lamps are categorized into High Intensity discharge lamps and fluorescent lamps. High intensity discharge lamps include metal halide lamps, mercury lamps and high pressure sodium lamps. As compared to fluorescent lamps, HID lamp brightness is more difficult to control but the brightness levels and efficiency are far To overcome this problem we introduce a new brightness control ballast circuit topology in this paper for both
High intensity discharge lamps and also fluorescent lamps. The circuit diagram of high frequency PFC with feedback control loop can be seen below in figure 1
Figure 1: Magnetic Ballast PFC Circuit Topology
The input of the converter is a single phase AC input with voltage 230Vrms and frequency 50Hz fed to a full bridge diode rectifier converting AC to variable DC. The variable DC output of the rectifier is fed to MERS (Magnetic Energy Recovery Switch) PFC (Power Factor Corrector) circuit. The output of the converter is further connected to a high frequency square wave resonant [3] converter which powers the HID lamp (load). The MERS includes a smoothing input inductor with soft switching inductor with two controlled forced commutation power electronic switches and four uncontrolled diodes with a capacitor in the DC side of the MERS converter. Both the power electronic switches operate simultaneously to which same gate signal is given.
MODES of OPERATION
The MERS [7] circuit operates in four modes with change in the switching states of the power electronic switches.
Mode 1:
In this mode assuming the capacitor is initially in charged state, which discharges when both the IGBTs are turned ON through the power supply. To maintain zero current switching of the converter, input inductor Ls resists the current flowing from the input source to increase from zero achieving zero current switching operation.
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DESCRIPTION OF CONTROL STRUCTURE
The controller of the MERS circuit topology controls the duty ratio of the IGBTs switching states. The duty ratio of the controller is dynamically controlled by PI controller with an error input achieved by comparison of 'iac'
(Input current RMS value) with MERS output DC voltage amplitude. The control structure block diagram is given below.
Figure 5: Control Block Diagram of MERS
In the control structure it can be clearly observed that the PI or Fuzzy controllers [6] generate Duty ratio which is compared to a triangular wave with a specific frequency (very much higher than the input frequency) generating a pulse given to both the IGBTs simultaneously. The proportional and integral gain values are taken as Kp = 0.012, Ki = 10
respectively. The fuzzy structure is designed with seven input and seven output membership functions with a total of 49 rules according to the rule base shown below.
Figure 6: 49 Rule Table for Fuzzy Structure
The duty ratio output generation with control of output voltage amplitude of the lamp will be discussed in next section.
SIMULATION RESULTS AND DISCUSSIONS
As per the given figure 1 the model is designed in MATLAB Simulink software with complete graphical representations with operation descriptions. The below figure is the Simulink modeling of the given circuit topology. The fuzzy controller has two inputs, in which one is error (e) output of the comparison of 'iac' and 'Vdc' and the other is the change in error (de) with seven membership functions for each input. The output value generation with specific 'e' and 'de' input with reference to the rule base can be seen below in figure 9 
